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HIGH-VOLTAGE  THREE-ELECTRODE 
ELECTRON  GUN 

K.  P.  Rybas  and  A.  T.  Yermolayev 

Electron  guns,  which  can  provide  well-focused  electron  beams 
at  high  current,  are  necessary  for  the  development  of  the  high- 
intensity  electron  accelerators.  In  some  cases  the  electron  guns 
must  permit  one  to  change  the  magnitude  of  the  beam  current  with- 
out changing  the  divergence  angle  and  the  energy  of  the  beam. 

In  this  work  we  have  studied  the  effect  of  the  cathode’s 
position  along  the  axis  of  the  Pierce-type  gun  [1]  [Translator's 
note:  not  sure  if  the  spelling  of  the  name  is  correct]  on  the 
focusing  of  the  beam  and  other  parameters  of  the  gun.  On  the 
basis  of  these  studies  a three-electrode  gun  was  developed  for 
pulsed  operation  at  80  kV  with  a current  in  the  beam  of  up  to  5 A, 
which  made  It  possible  to  vary  the  magnitude  of  the  beam  current 
without  changing  the  angle  of  divergence  and  the  power  of  the  beam. 

2.  Examination  of  the  Pierce-type  electron  gun 

An  electron  gun  with  the  Pierce's  optics  shown  in  Pig.  1 was 
constructed  for  carrying  out  experiments.  The  gun  utilized  an 
oxide-coated  cathode  8 mm  in  diameter  which  could  be  moved  relative 
to  the  anode  without  disrupting  the  vacuum.  The  gun  was  installed 
in  a vacuum  metal  chamber,  into  which  a collector  was  introduced 
for  measuring  the  beam  current  and  a fluorescent  screen  for  deter 
mining  the  beam  diameter  at  various  distances  from  the  gun.  The 
displacement  of  the  collector  and  the  fluorescent  screen  was  ac- 


complished  without  disrupting  the  vacuum.  The  gun  was  studied  in 
a pulsed  mode  (duration  of  a pulse  - 5 ps , repetition  frequency  - 
50  pulses/s)  at  a voltage  of  20  and  80  kV. 

Figure  2 shows  images  of  a beam  on  the  fluorescent  screen  at 
various  positions  of  the  cathode  relative  to  the  anode.  In  this 
case  the  distance  between  the  cathode  and  anode  electrodes  was 
constant.  AS=0  corresponds  to  the  calculated  distance  between  the 
cathode  and  anode  S=15  mm.  The  positive  AS  correspond  to  the  in- 
crease, while  the  negative  AS  - to  the  decrease  in  the  distance 
between  the  cathode  and  the  anode.  As  seen  from  Fig.  2,  when 
AS=0,  a uniformly  luminous  spot  with  clear  boundaries  is  seen 
on  the  fluorescent  screen.  With  negative  AS  the  diameter  of  the 
spot  increases  with  a uniform  luminescence  along  the  beam's  diameter 
(on  the  right  in  Fig.  2).  When  the  AS  are  positive,  a halo 
with  sharp  boundaries  appears  around  the  main  spot  (on  the  left  in 
Fig.  2).  As  the  AS  increases  the  diameter  of  the  main  spot  de- 
creases, while  the  diameter  of  the  halo  increases. 

The  appearance  of  the  halo  can  be  explained  qualitatively  in 
the  following  manner.  As  the  cathode  recedes  into  the  cathode 
electrode,  due  to  the  sagging  of  the  equipotentials  towards  the 
cathode,  the  radial  component  increases  and  the  longitudinal  com- 
ponent of  the  electrical  field  decreases  at  the  edge  of  the  cathode. 
As  a result,  there  is  a considerable  decrease  in  the  number  of 
electrons  extracted  from  the  edges  of  the  cathode;  furthermore, 
the  outer  electrons  have  a stronger  deflection  towards  the  axis, 
which  leads  to  the  formation  of  a halo,  as  shown  schematically  in 
Fig.  3. 

Figure  ^ shows  the  beam  current  In,  current  to  the  anode  Ia, 
beam  divergence  angle  a,  and  the  divergence  angle  of  the  beam's 
halo  a 1 as  a function  of  AS;  the  curves  were  plotted  at  a pulsed 
voltage  of  20  kV. 

As  seen  from  the  figure,  the  divergence  angle  of  the  main 
beam  a with  positive  AS  is  approximately  constant.  With  a decrease 
in  AS  the  beam  divergence  angle  a increases  sharply  reaching  1.3° 
when  AS=— 0.8  mm.  This  is  explained  by  the  disruption  of  the  focus- 
ing conditions  in  the  Pierce's  optics  >tas  the  distance  between  the 
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cathode  and  the  anode  decreases  relative  to  the  optimum.  It  is 
also  seen  from  Fig.  4 that  a halo,  whose  divergence  angle  a in- 
creases sharply  with  an  increase  in  AS,  attaining  4.3°  when  AS= 

+0.5  mm,  appears  when  the  AS  are  positive.  According  to  the  measure- 
ment data,  the  fraction  of  the  beam  current  expended  on  the  hale 
does  not  exceed  25/5  of  the  total  beam  current. 

When  a tungsten  cathode  in  the  form  of  a flat  spiral  was  sub- 
stituted for  the  oxide  cathode  in  this  gun,  the  divergence  angle 
increased  by  more  than  8 times.  Apparently,  this  is  explained  by 
the  distortion  of  the  electrical  field  in  the  gun,  caused  by  the 
configuration  of  the  emitting  surface  of  the  cathode  and,  in  ac- 
cordance with  this,  by  the  unequal  density  of  the  emission  current 
along  the  cross  section  of  the  beam. 

3.  Three-electrode  electron  gun 

On  the  basis  of  the  experiments  described  above,  one  can 
design,  a three-electrode  electron  gun  which  would  allow  one  to  vary 
the  beam  current  without  changing  the  angle  of  divergence  and  the 
energy  of  the  beam. 

In  the  three-electrode  electron  gun  shown  In  Fig.  5 the  elec- 
tron energy  is  determined  by  the  voltage  applied  between  the 
cathode  and  a second  anode.  The  beam  current  is  regulated  by  chang- 
ing the  voltage  applied  between  the  cathode  and  the  first  anode. 
The  change  in  the  voltage  also  changes  the  lens  power  formed  by 
the  first  and  second  anodes,  as  a result,  of  which,  the  change  in 
also  changes  not  only  the  magnitude  of  the  beam  current  but  also 
the  beam's  angle  of  divergence  at  the  output  from  the  second  anode 
and,  as  shown  by  the  experiment,  rather  significantly.  However, 
the  divergence  angle  of  the  beam  at  the  output  from  the  second 
anode  can  be  made  constant  by  changing  if,  accordingly,  we  change 
the  divergence  angle  of  the  beam  at  the  outlet  from  the  first  anode. 
As  seen  from  Fig.  4,  this  is  easily  accomplished  by  changing  the 
position  of  the  cathode. 

It  follows  from  Fig.  4 that,  when  AS=0.8,  mm  the  divergence 
angle  a of  the  beam  at  the  outlet  from  the  first  anode  is  equal  to 
l°l8'.  In  this  case,  the  imaginary  point  source  of  the  electrons 
will  be  at  a distance  £=110  mm  from  the  first  anode  (see  Fig.  5, a). 
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In  order  to  obtain  a parallel  beam  at  the  outlet  from  the  second 
anode,  it  is  necessary  that  the  position  of  the  imaginary  point 
source  of  electrons  would  coincide  with  the  position  of  the  first 
focus  of  the  lens  formed  by  the  first  and  second  anodes.  Using 
the  optical  characteristics  of  the  lens  formed  by  two  diaphragms 
with  the  ratio 

£ = 5 

(Fig.  6,  see  also  Fig.  XI.  31  in  work  [21]),  where  A - distance  bet- 
ween the  first  and  second  anodes  and  D - opening  diameter  in  the 
anodes,  in  our  case  equalling  to  5 mm,  we  find  the  focus  distance 
of  the  lens  formed  by  the  first  and  second  anodes. 

Consequently,  A=5D*2.25  mm. 

As  it  follows  from  Fig.  6,  when 


j7~—~  = 2.8  F = 4.9A  = 122.5 
U1  X 

where  F-^  - distance  between  the  first  focus  and  the  plane  which  is 
in  the  middle  between  the  first  and  second  anodes. 

Consequently,  when  AS=-0.8  mm,  the  focus  of  the  lens  formed 
by  the  first  and  second  anodes  coincides  with  the  position  of  the 
imaginary  point  source  of  electrons  (see  Fig.  5.b) 

As  it  follows  from  Fig.  6,  the  focal  distance  of  the  lens  in- 
creases with  an  increase  in  the  current  of  the  electron  beam  due 
to  an  Increase  in  Consequently,  in  order  to  obtain  a parallel 

beam  with  an  increase  of  current  in  the  beam,  the  imaginary  source 
of  electrons  must  be  moving  away  from  the  anode,  i.  e. , the  angle 
of  divergence  of  the  beam  at  the  output  from  the  first  anode  must 
decrease.  As  it  follows  from  Fig.  4,  the  decrease  in  the  beam 
divergence  angle  is  achieved  by  displacing  the  cathode  in  the 
direction  opposite  to  the  anode.  Thus,  with  another  limiting  value 
U2 

of  TT-,  which  is  close  to  unity,  the  beam  emanating  from  the  first 
U1 

anode  with  ct=0.4°  will  be  focused,  which  occurs  when  AS=0. 
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As  it  follows  from  the  2/3  law,  when  increases  by  2.8  times 
(U2  is  constant)  the  beam  current  will  increase  by  4.7  times,  i.  e., 
in  this  case,  the  value  of  the  beam  current  can  be  changed  by  almost 
5 times  without  varying  the  divergence  angle  of  the  beam  at  the 
outlet  from  the  gun. 

A similar  calculation  method  was  used  to  develop  the  high-vol- 
tage three-electrode  electron  guns  of  the  type  EP-6  and  EP-9. 

Figure  7 shows  the  general  view  of  the  electron  gun,  EP-9.  The 
electron  guns,  EP-6  and  EP-9,  were  designed  to  operate  in  a pulsed 
mode  at  a voltage  of  up  to  80  kV,  which  permit  one  to  regulate  the 
beam  current  without  changing  the  energy  of  the  beam’s  electrons  at 
a virtually  constant  divergence  angle  of  the  beam.  The  maximum 
current  in  the  beam  reaches  5 A. 

In  this  gun, cathode  1 with  the  cathode  electrode  2 and  the 
first  anode  3 represent  the  Piercers  optics  and  a flat  diaphragm 
was  used  as  the  second  anode  4.  An  electron  beam  is  formed  by 
means  of  the  Pierce's  optics  and  the  magnitude  of  the  beam's  current 
is  controlled  by  varying  the  voltage  applied  between  the  cathode 
and  the  first  anode.  The  primary  function  of  the  section,  first 
anode— second  anode,  is  the  acceleration  of  the  electron  beam  form- 
ed by  the  Pierce's  optics  up  to  80  keV.  The  variation  in  the 
effect  of  the  first  anode-second  anode  section  on  the  focusing  of 
the  beam  during  the  regulation  of  the  beam  current  is  compensated 
by  the  corresponding  displacement  of  the  cathode  along  the  gun's 
axis . 

Better  results  are  obtained  when  the  optics  of  the  electron 
gun  operates  at  the  following  distances  between  the  electrodes: 

32  mm  between  the  cathode  and  first  anode;  20  mm  between  the  first 
and  second  anodes. 

The  construction  of  the  electron  gun,  EP-9,  is  such  that  it 
can  be  disassembled  completely.  Rubber  seals  are  used  in  places 
where  the  components  are  joined  together.  Cathode  1 with  the  cathode 
electrode  2,  the  first  anode  3,  and  the  second  anode  4 are  insula- 
ted from  one  anotheb  by  means  of  finned  insulators  7 and  8 made 
from  steatite,  which  are  glued  to  metal  flanges.  The  cathode  with 
a cathodic  electrode  is  under  a potential  of  — 80  kV;  depending  on 
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the  magnitude  of  the  beam  current,  the  potential  of  the  first 
anode  is  regulated  in  the  range  of  values  from  zero  to  —75  kV  and 
the  second  anode  is  at  the  potential  of  the  ground.  For  this  reason 
the  insulators  7 and  8 are  calculated  for  a total  operating  voltage 
of  80  kV. 


Windows  have  been  provided  in  the  electrode  holders  5 and  6 
for  pumping  out.  Good  focusing  is  achieved  due  to  the  possibility 
of  the  cathode  displacement  under  vacuum.  The  displacement  of  the 
cathode  stem  10  is  accomplished  by  a helical  clearance-free  reducer 
11  with  the  transmission  ratio  of  1:100.  Motion  from  the  motor  to 
the  reducer  is  transmitted  by  means  of  a shaft  made  from  the  in- 
sulation material,  rated  at  80  kV. 

Barium-nickel  cathode  is  used  in  the  electron  gun  EP-6.  The 
EP-9  gun  uses  a tantalum  cathode  1 14  mm  in  diameter  with  an  electron 
heating.  A tungsten  spiral  9 made  from  a wire  0.8  mm  in  diameter 
is  used  as  an  additional  cathode  for  electronic  heating  of  the  main 
cathode  1. 

Figure  8 shows  the  curves  of  an  electron  gun  of  a type  EP-6 

and  EP-9.  The  ratio  of  the  voltage  applied  between  the  cathode 

and  first  anode  to  the  total  voltage  applied  between  the  cathode 

and  the  second  anode  is  plotted  along  the  axis  of  abscissas  (the 

value  of  U2  was  constant  at  80  kV).  The  beam  current  I and  the 

displacement  of  the  cathode  AS  necessary  in  order  that  the  beam 

divergence  angle  a at  the  outlet  from  the  gun  did  not  exceed  30' 

Ui 

during  the  change  in  the  ratio  77—  was  plotted  along  the  axis  of 

U2 

the  ordinates. 

As  seen  from  Fig.  8,  the  beam  current  can  be  varied  in  the 

Ui 

range  from  1 to  5 A by  changing  the  ratio  jjj  in  the  range  from 
0.33  to  1 with  a simultaneous  displacement  of  the  cathode  along 
the  gun's  axis  by  1.5  mm.  In  this  case  the  beam  divergence  angle 
a does  not  exceed  30'.  When  the  current  is  varied  the  diameter  of 
the  beam  at  the  outlet  from  the  gun  changes  from  2 to  5 mm.  If 
one  does  not  impose  rigid  requirements  on  the  beam  divergence  angle, 
the  beam  current  can  be  varied  over  a wider  range  from  0.1  to  5 A 
by  the  indicated  method.  The  beam  current  is  regulated  by  remote 
control  by  changing  the  value  of  the  voltage  with  a simultaneous 
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automatic  variation  of  the  cathode's  position. 

In  conclusion  we  gxpress  our  appreciation  to  T.  N.  Shlychva 
and  B.  N.  Telepayev  for  their  development  of  the  tantalum  cathode 
with  electronic  heating;  Z.  N.  Solnyshkova,  N.  A.  Kiselyeva,  V.  K. 
Paplov,  and  V.  A.  Veselov  for  their  development  of  the  barium -nickel 
cathode;  and  G.  I.  Borisova  for  her  participation  in  certain  ex- 
periments . 
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Pig.  1.  Pierce's  electron  gun. 

Key:  (1)  Beam  boundary  (2)  Cathode  (3)  Cathodic  electrode 

(4)  Anode 


Pig.  2.  Images  of  the  electron-beam  cross  section  on  a 
fluorescent  screen  at  variqus  positions  of  the  cathode 
relative  to  the  anode. 


Fig.  3.  Electron  trajectories  in 
the  Pierce’s  gun  for  the  case  when 
the  cathode  is  recessed  in  the 
cathodic  electrode. 

Key:  (1)  Cathode  (2)  Cathodic 
electrode  (3)  Anode 
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Fig.  4.  Beam  current  In,  current 

to  the  anode  Ia,  beam  divergence 
angle  a,  and  the  divergence  angle 
of  the  beam's  halo  aj  as  a function 
of  the  cathode’s  displacement 
relative  to  the  anode  AS. 

Key:  (l)  degrees  (2)  to  anode 
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Pig.  5.  Imaginary  electron  source  in  a two-electrode  gun 
of  the  Pierce's  type  (a)  and  electron-optical  characteris- 
tics of  a three-electrode  gun  (b). 

Key:  (1)  Imaginary  point  source  of  electrons  (2)  1st  anode 
(3)  Middle  plane  (4)  1st  main  plane  (5)  2nd  anode 
(6)  Lens  focus  formed  by  1st  and  2nd  anodes  (7)  Focused 
beam 
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Fig.  6.  Optical  characteristics  of 
a lens  form-d  by  two  diaphragms 

with  the  ratio  ^-=5 • 

Key:  (1)  Distance  in  units  A 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 


MICROFICHE  ORGANIZATION  MICROFICHE 


A205  DMATC  1 

A210  DMAAC  2 

PI-14  DIA/RDS-3C  9 

C043  US AMI I A 1 

C509  BALLISTIC  RES  LABS  1 

C51Q  AIR  MOBILITY  R&D  1 

LAB/FIO 

C513  PICATINNY  ARSENAL  1 

C535  AVIATION  SYS  COMD  1 

C591  FSTC  5 

C619  MIA  REDSTONE  1 

D008  NISC  1 

H300  USA ICE  (USAREUR)  1 

P005  DOE  1 

P050  CIA/CRB/  ADD/SD  1 

NAVOPDSTA  (50L)  1 

NASA/KSI  1 

AFIT/LD  1 

IJ.I/Codo  r-38*  1 


E053 

AF/INAKA 

1 

E017 

AF/RDXTR-V7 

1 

E403 

AFSC/INA 

1 

E404 

AEDC 

1 

E408 

AFWL 

E410 

ADTC 

1 

E413 

ESD 

FTD 

2 

CCN 

1 

ASD/FTD/  NIIS 

3 

NIA/PHS 

1 

NIIS 

2 

FTD-ID (RS ) T-1583-78 


